Isparta city center is selected as a work area in this study because the public believes that the tap water is dirty and harmful. In this study, the city's drinking water in the distribution system and other spring waters which are used as drinking water in this region were investigated from the point of water quality and health risk assessment. Water samples were collected from major drinking water springs, tap waters, treatment plants and dam pond in the Isparta province center. Ca-Mg-HCO 3 , Mg-Ca-HCO 3 , Ca-Na-HCO 3 , Ca-HCO 3, Ca-HCO 3 -SO 4 and Ca-Mg-HCO 3 -SO 4 are dominant water types.
INTRODUCTION
Safe and good quality drinking water is a basic need for human development, health and well-being, and hence, an ). Therefore, the quality of drinking water has increasingly been questioned from a health point of view for the last many decades (Garg et al. ) .
Drinking water sources which closely concern environmental and human health can be contaminated from geogenic and anthropogenic factors. Nowadays, the most important reason for water resources contamination is anthropogenic contamination due to increasing population, industrialization and technology. In addition, mixed trace elements and heavy metals in drinking water, depending on the geological characteristics, cause drinking water contamination. The common problems of drinking water include exposure to toxic inorganic substances, heavy metals, bacterial and other pathogens, increased nitrogen concentrations and other trace chemicals and micronutrients in drinking water resources (Rapant & Krcmova ; Garg et al. ) .
Generally, drinking water containing different anions and heavy metals has significant adverse effects on human health either through deficiency or toxicity due to excessive intake. For example, like many elements, fluoride which known; however, fluoride is a powerful calcium-seeking element and can interfere with the calcified structure of bones and teeth in the human body at higher concentrations causing dental or skeletal fluorosis (Fordyce et al. ) .
Arsenic is a toxic chemical that is naturally found in the environment and is a proven carcinogen for humans when exposed through oral, dermal and inhalation pathways (NRC ; ATSDR ; WHO ; Gunduz et al. ) .
Furthermore, nitrate (NO 3 ) and nitrites (NO 2 ) are found naturally in water ( Jordao et al. ; Khan et al. ) and the toxicology of nitrate to humans is mainly attributable to its reduction to nitrite. The major biological effect of nitrite is its involvement in the oxidation of normal hemoglobin to methemoglobin, which is unable to transport oxygen to the tissues (Gupta et al. ; Khan et al. ) .
Because of its importance for human life, the European
Union Council Drinking Water Directive 98/83/EC (EUCD ) of 3 November 1998 on the quality of water intended for human consumption was adopted because of the difficulties in achieving safe drinking water. Its objective is to protect human health from the adverse effects of any contamination of water intended for human consumption by ensuring that it is wholesome and clean. Because the people in Isparta believe that the tap waters are polluted and harmful, the drinking water in the city center has been investigated. Provisions concerning the quality of drinking water established by the Directive allow Member States to adapt the monitoring of water quality to local conditions, in order not only to evaluate its safety for consumption, but also to detect any relative toxicological problems and introduce the appropriate measures for the restoration and achievement of good drinking water quality.
Isparta city center was selected as a work area in this study because the public believes that the tap water was dirty and harmful. Therefore, they use different water sources as a drinking water source in the city. Isparta drinking water is provided from Egȋrdir Lake, Darıdere dam and various springs. They are Andık, Yarıkdibi, Akyokuşand Aktaşsources and these waters are collected in storage facilities (Demer & Memiş) .
Egȋrdir Lake water, Darıdere dam water and spring water are treated in drinking water treatment plants and fed into the city's public water system. In this study, the city's drinking water in the distribution system and other spring waters which are used as drinking water in Isparta city center were investigated in terms of chemical properties, heavy metals, pollution, coliform bacteria and human health risks associated with the intake of contaminated water.
Study area
The study area is situated within the Lake District in the southwest of Turkey and it has an 8,933 km 2 area (Figure 1 ). 
MATERIALS AND METHODS

Sampling and analysis
Water samples were collected in April 2014. A total of 20 water samples were collected from major drinking water springs, tap waters, treatment plants and dam pond of the Isparta province center (Figure 1 ). Samples were stored in two polyethylene bottles. One of the bottles was acidified with suprapure HNO 3 À for determination of cations and another was kept unacidified for the anion analyses. The discharge temperature, pH and electrical conductivity (EC)
were measured in the field. The major chemical constituents were analyzed by inductively coupled plasma-mass spectrometer at the ACME Laboratory (Vancouver, Canada (Karagüzel & Irlayıcı 1998) .
Geological and hydrogeological setting
Isparta city is located in the Lake District of Turkey, and its Figure 1 ). The units of the determination are shown on the geological map ( Figure 1 ). 
RESULTS AND DISCUSSION
Hydrochemistry
Understanding the water quality is important, as it is the main factor determining its suitability for drinking, domestic, agricultural and industrial purposes. The physical and chemical parameters including statistical measures, such as minimum concentration, maximum concentration, mean concentration, and standard deviation are given in Table 3 . values of spring and tap waters ranged from 90 mg/l to 580 mg/l and 180 mg/l to 590 mg/l, respectively. According to WHO (), TDS should be between 500 and 1,500 mg/l in drinking waters. The limit value determined by WHO () of TDS values is not exceeded in the study area.
Hydrochemical classification
Hydrogeochemical types reflect the effects of chemical reactions occurring between the minerals within the (Table 6; Varol & Davraz ).
Factor 1 of the PCA matrix of groundwater around the study area is characterized by the strong loading of Na, K, F and As. This factor explains 19.88% of the total variance (Table 6 ). The strong loads in Factor 1 represent the natural or from the bacterial degradation of organic contamination (Varol & Davraz ) . This situation can be explained by the Söbüdag, Davraz and Akdağlimestone in the study area.
Factor 5, which accounts for 10.60% of the total variance, has strong positive loading on Fe, has moderate positive loading on T ( W C) and weak positive loading on pH ( Table 6 ). The poor correlation of the above variables with pH reflects that alteration in the pH of these waters has no significant effect over these ions. The strong positive loading on Fe shows anthropogenic pollution in the water.
This situation is seen in samples of tap water.
Factor 6 explains 9.47% of the total variance and has strong positive loading on Br and Cl (Table 6 ). These constituents are common in fertilizers and may derive from soil dissolution and also the dissolution of existing salts in soils. In the study area again in this case, it is seen in samples of tap water.
Evaluation of water quality
Evaluation of chemical quality of the water samples
In the study area, the assessment of water quality was carried out in order to identify its suitability for drinking According to Table 3 , the fluoride (F) concentration of water samples S1, S10 and S15 exceed the WHO () and TS () limits. S1 sample is a distributed water sample from the opened drilling well on the Gölcük volcanics ( Figure 1 ). The high F in the spring waters occurs depending on the water-rock interaction. The fluoride contents of drinking water in Isparta region is strikingly related to circulation of water within volcanic and pyroclastic rocks (Davraz et al. ) .
The concentration of PO 4 in water samples S11 and S13 The NH 4 concentration in the water collected from the sampling sites S1, S11 and S13 exceeds the WHO () and TS () limits. Nitrogen is found within volcano fumaroles and magmatic rock minerals. In addition, nitrogen is the form of ammonium in magmatic rock minerals (Sahinci ) . The increase of NH 4 is originated from water-rock interaction. Anthropogenic effects are not present in locations surrounding springs in the study area.
Arsenic (As) concentration of water samples S1, S15
and S20 exceeds the WHO () and TS () limits. Inorganic arsenic occurs naturally in certain types of rocks, sediments and many minerals. The most common minerals are arsenopyrite (FeAsS), orpiment (As 2 S 3 ) and realgar (As 4 S 4 ). Sediments derived from volcanic rocks generally have higher arsenic concentrations (Saldivar & Soto ) . . Therefore, bacteriological content of drinking water is the most important factor and bacteriological analyses were performed to determine the potability of water in the study area. According to the analyses results, bacteriological contamination was not encountered in drinking water in the study area.
Human health risk assessment
Risk assessment is the determination of the quantitative or qualitative value of risk related to a concrete situation and a recognized threat (also called hazard). A health risk assessment is a questionnaire used to identify factors in individuals that increase their risk of impairments or disabilities and then recommend behavioral modifications to minimize their impact (USEPA ).
In many parts of the world drinking water is still a major contributor to the community burden of enteric disease because available water sources are faecally contaminated and untreated, inadequately treated or have become contaminated during collection, handling, storage and use.
The impact of inadequate drinking water quality on human health can take numerous shapes of varying severity and clinical significance, ranging from asymptomatic infections to gastroenteritis and diarrhea to severe illness and ultimately death (Havelaar & Melse ) .
Risk assessment is an attempt to identify and quantify potential risks to human health resulting from exposure to various contaminants. It involves evaluation of toxicity data for chemicals to which humans are exposed, and estimation of potential exposure levels. Among three main routes of exposure (ingestion, inhalation, and dermal absorption), only the ingestion route was taken into consideration in this study. Ingestion was reported to be the most important route for exposure to trace metals In order to estimate the daily exposure of an individual, USEPA () suggests the lifetime average daily dose as the exposure metric (Kavcar et al. ) . The following equation is a similar representation of daily exposure for ingestion route modified from USEPA () and Chrostowski () :
where ADD is the chronic daily intake (mg/kg/d), C is the Cancer risk associated with ingestion exposure is calculated using the following equation (Patrick ):
where R is the excess probability of developing cancer over a life time as a result of exposure to a contaminant (or carcinogenic risk), ADD is the chronic daily intake (mg/kg/d),
and SF is the slope factor of the contaminant (mg/kg/d) À1
(Kavcar et al. ; Equation (2)).
The potential for non-carcinogenic agents to occur is assessed by comparing exposure or average intake of hazardous substances with the corresponding reference dose (RfD) (Lim et al. ) . To estimate non-carcinogenic risk, the hazard quotient (HQ) is calculated using the following equation (USEPA ):
where RfD is the reference dose (mg/kg/d). The results of chemical analysis of the drinking water evaluated according to WHO () and TS- () was determined to exceed the limit values for As, Br, and F ( As the waters in the study area are used for drinking water, a health risk assessment was performed. The health risk assessment was made in terms of public health according to the results of the water samples analysis (Table 7) .
According to Table 7 , excessive consumption of S1 water in the study area carries a high risk of cancer for As and Br and an additional non-carcinogenic risk for F. The excessive consumption of S9 and S14 water in the study area carries a high risk of cancer for Br. The consumption of S10 water carries a non-carcinogenic risk for F. The consumption of S15 and S20 water carries a high risk of cancer for As. Also, the consumption of S15 water carries a non-carcinogenic risk for F.
The results show that As and Br are the major toxic and carcinogenic chemicals in drinking water in the study area.
Carcinogenic risk is between 1.4 × 10 À3 and 5.1 × 10 À3 for As, indicating an additional 1-5 cancer patients among 1,000 people. In addition, for Br, carcinogenic risk is between 7.38 × 10 À3 and 8.72 × 10 À3 , indicating the possibility of an additional 7-9 cancer patients among 1,000 people.
CONCLUSION
A correlation analysis for EC, pH, T, TDS, NO 3 , NO 2 , NH 4 , F, PO 4 , As, Br, Fe and major ions was performed with the Risk assessment is an attempt to identify and quantify potential risks to human health resulting from exposure to various contaminants. In this study, only the ingestion route was taken into consideration. The major toxic and carcinogenic chemicals within drinking water are As and Br for both tap water and spring water. Also, F was identified as a non-carcinogenic chemical in only spring waters in the study area.
Considering the results of this research, it is observed that the spring waters pose a risk to health contrary to the popular belief in the study area. In addition, the belief that spring waters are clean and there is no adverse effect on health may have negative consequences. Therefore, public water systems must be monitored and enforceable health standards set regarding contaminants in drinking water.
